Antimicrotubule agents are commonly utilised as front-line therapies against several malignancies, either by themselves or as combination therapies. Cell-based studies have pinpointed the anti-proliferative basis of action to be a consequence of perturbation of microtubule dynamics leading to sustained activation of the spindle assembly checkpoint, prolonged mitotic arrest and mitotic cell death. However, depending on the biological context and cell type, cells may take an alternative route besides mitotic cell death via a process known as mitotic slippage. Here, mitotically arrested cells 'slip' to the next interphase without undergoing proper chromosome segregation and cytokinesis. These post-slippage cells in turn have two main cell fates, either cell death or a G1 arrest ensuing in senescence. In this review, we take a look at the factors determining mitotic cell death vs mitotic slippage, post-slippage cell fates and accompanying features, and their consequences for antimicrotubule drug treatment outcomes.
Introduction
Antimitotic therapies are chemotherapeutic agents that target cells in mitosis. Of these, the antimicrotubule drugs (also known as microtubule poisons, spindle poisons or microtubule-targeting drugs) have proven to be the most successful in the clinics. These are commonlyadministered as first-line treatment against a variety of malignancies. These include ovarian, breast, head and neck, lung and prostate cancers, as well as various leukaemias (Jordan & Wilson 2004) . Microtubule poisons are divided into taxanes and vinca alkaloids depending on how they affect microtubule dynamics. Taxanes are microtubule-stabilising drugs that inhibit the dynamic instability of spindles; examples include commonly-used drugs such as paclitaxel and docetaxel. Vinca alkaloids depolymerise microtubules thereby preventing their attachment to kinetochores; drugs such as vinblastine, vincristine and vinolrelbine fall into this category (Allan & Clarke 2007) .
Accurate spindle function is crucial for a successful mitosis. A plethora of studies using cell culture systems have shown that perturbation of microtubule dynamics leads to sustained activation of the spindle assembly checkpoint (SAC) (Rieder & Maiato 2004) . The SAC prevents improper chromosome segregation and mitotic exit via inhibition of the anaphase-promoting complex (APC). Among its many roles, the APC has been shown to be responsible for controlling cyclin B1 levels during mitosis since APC-induced degradation of cyclin B1 engenders cells to exit mitosis (Lara-Gonzalez et al. 2012 , Musacchio & Ciliberto 2012 . Thus, inhibiting the APC leads to cells arresting in mitosis. Depending on the biological context and cell type, cells blocked in mitosis can eventually 24:9 undergo mitotic cell death, thereby fulfilling the antiproliferative function of antimicrotubule drugs (Rieder & Maiato 2004) .
Besides mitotic cell death, an alternative route that cells can also take following a SAC-enforced mitotic arrest is mitotic slippage. Attenuation of the SAC resulting in slow degradation of cyclin B1during a protracted mitotic arrest can cause cells to prematurely exit mitosis (Brito & Rieder 2006) . As illustrated in Fig. 1 , cells 'slip' from mitosis and enter interphase without undergoing proper chromosome segregation and cytokinesis, yielding tetraploid multinucleated cells. Cells are then faced with three possible fates: (i) arrest in the G1 cell cycle phase; (ii) post-slippage cell death; or (iii) continue cycling as genomically unstable cells.
In the next few sections, it will become apparent that the tendency to 'slip' and the resultant post-slippage cell fate response vary significantly among cell lines treated with antimicrotubule drugs (Gascoigne & Taylor 2008 , Huang et al. 2010 . Although antimicrotubule drugs have proven efficacious in the clinics, their long-term utility continues to be hampered by acquired chemoresistance and disease relapse. Most studies have focused on tubulin mutations and drug efflux pumps in a bid to understand mechanisms underlying drug resistance. Unfortunately, these findings have not been successfully translated to the clinics.
Here, we will discuss mechanisms by which mitotic slippage might potentially influence treatment outcomes and confer acquired resistance following antimicrotubule drug treatment. We start by describing roles of wellestablished factors in determining cell fate decision between mitotic cell death and mitotic slippage. This will then be followed by emerging evidence for the role of post-slippage cells in dictating outcomes and drug response to antimicrotubule drug therapy. Finally, we take a look at features associated with post-slippage cells that enter senescence.
Factors that influence mitosis cell death vs mitotic slippage
High-throughput time-lapse microscopy of single cells to address cell fate between mitotic cell death vs mitotic slippage revealed heterogeneity and stochasticity in signalling pathways activated by antimicrotubule drugs (Gascoigne & Taylor 2008 , Shi et al. 2008 , Huang et al. 2010 . This was observed not only among different cancer cell lines but also within different sub-populations within the same cell line as well. Since a high-degree of intra-line variation was apparent, Gascoigne and Taylor challenged the existing notion that cell fate was genetically predetermined. To do this, they carried out a pedigree analysis using chromosomally stable colon cancer cells HCT-116 (Gascoigne & Taylor 2008) . Daughter cells derived from the same mother were treated with the antimitotic drug AZ138 and subsequently tracked through the next mitosis. Their findings revealed that even genetically-identical daughter cells exhibited different cell fates in the next mitosis. In addition, they also analysed two non-transformed cell lines (human mammary epithelial HME cells and retinal pigment epithelial RPE-1 cells) that lacked genomic instability and were therefore considered genetically homogeneous. Both these cell Figure 1 Different cell fates following antimicrotubule drug treatment. Cancer cells treated with antimicrotubule drugs go through a prolonged mitotic arrest that can culminate in mitotic cell death. Mitotically arrested cells can also take an alternative route known as mitotic slippage and escape mitotic cell death. Here, cells exit mitosis prematurely, without proper chromosome segregation and cytokinesis, and enter the next interphase as multinucleated tetraploid cells. The main post-slippage cell fates are shown: cells either undergo a G1 arrest, often leading to senescence or post-slippage cell death.
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lines also exhibited multiple different cell fates. These results supported the conclusion that cell fates following a mitotic arrest are not genetically predetermined.
It had long been assumed that chromosomally unstable cells possess a weakened SAC. However, cell fate profiling of chromosomal instability (CIN cell lines) and microsatellite instability (MIN) cell lines by live-cell imaging revealed that this was not the case (Gascoigne & Taylor 2008) . Time-lapse microscopy analyses revealed that CIN cells arrested in mitosis for similar duration or at times even longer than chromosomally stable MIN cells. This proved that the SAC was functional in CIN cells following antimicrotubule drug treatment. Hence, the notion that CIN cells are more sensitive to antimicrotubule drugs was not supported.
The 'competing networks-threshold' model best explains the tendency of a cell to either die in mitosis or to undergo mitotic slippage following SAC activation and mitotic arrest. The model posits that cell fate following mitotic arrest is dictated by two independent networks, namely pro-apoptotic caspase activation and cyclin B1 degradation (Gascoigne & Taylor 2008) . Both networks contain thresholds and cell fate is determined by which threshold is breached first. If cyclin B1 levels fall below the mitotic exit threshold before caspase activation, mitotic slippage occurs. Conversely, if caspase activation occurs before cyclin B1 is sufficiently degraded and the threshold for apoptosis is breached, mitotic cell death occurs.
In support of this, a genome-wide siRNA screen in Taxol-treated HeLa cells led to the finding that p31 comet (inhibitor of SAC component Mad2) promoted mitotic slippage via cyclin B1 degradation, whereas proapoptotic factor Noxa initiated mitotic cell death (DiazMartinez et al. 2014 ). These findings also revealed possible crosstalk between competing mitotic cell death and mitotic slippage pathways, suggesting an additional mechanism besides the independent 'competing networks-threshold' model described above. This was through the activation of the mitochondrial apoptotic pathway which was shown to play a role in modulating mitotic slippage. Both depletion of Bax and Bak (pro-apoptotic factors), and that of DRP1 (mitochondrial fission factor) lengthened mitotic duration and delayed mitotic slippage in mitotic slippageprone U2OS cells (Diaz-Martinez et al. 2014) .
Additionally, recent studies reported that the ubiquitin ligase CRL2 ZYG-11 could promote mitotic slippage in SAC-arrested cells by targeting degradation of cyclin B1 (Balachandran et al. 2016) . Depletion of the ZYG11A/B subunit in nocodazole-treated cells dramatically decreased the frequencies of post-slippage cells.
Interestingly, mitotic slippage was completely inhibited in the combined presence of a CRL ubiquitin ligase pan-inhibitor MLN4924 and nocodazole, leading to a hundred percent cell death during mitotic arrest. Hence, elucidating combination therapies with antimicrotubule drugs to block mitotic slippage could prove to be an efficacious means of ensuring the antimitotic cytotoxic function of these drugs.
Although mechanisms contributing to cyclin B1 regulation have been well-studied, the pro-apoptotic pathway is less well-understood. A recent study demonstrated that the dynamics of myeloid cell leukaemia-1 (Mcl-1), a pro-survival member of the Bcl-2 family, could influence cell fate decision between mitotic slippage and mitotic cell death ).
Mc1-1 was shown to be continuously synthesised and degraded during mitosis. The depletion of Mcl-1 by siRNA transfection was found to accelerate mitotic cell death, suggesting that Mc1-1 degradation during mitotic arrest could serve as a 'mitotic death timer'. Mcl-1 levels were also found to modulate mitotic slippage. Consistent with the pro-survival function of Mcl-1, the overexpression of Mc1-1 in Taxol-treated cells was found to prolong mitosis and delay mitotic slippage. Conversely, Mcl-1 inhibition in mitotic slippage-prone cells accelerated slippage and post-slippage death. This was suggested to be due to the ability of Mc1-1 to compete with cyclin B1 for the proteolytic machinery, which led to cyclin B1 attenuation and consequently, slippage.
The depletion of Bcl-xL by siRNA transfection was also found to accelerate mitotic cell death . Indeed, work from the Mitchison group showed that both Mcl-1 and Bcl-xL serve as primary negative regulators of apoptosis during a prolonged mitotic arrest (Shi et al. 2011) . In addition, the Bcl-2 family inhibitor navitoclax was also found to accelerate mitotic cell death by antagonising Bcl-xL (Shi et al. 2011) . The importance of Bcl-xL for mitotic cell death was further confirmed by experiments where BH3-mimetic-mediated inhibition of Bcl-xL sensitised cells to microtubule-binding agents, kinesin inhibitors and mitotic kinase inhibitors (Bennett et al. 2016) . It was also shown that Bcl-xL inhibition only had a minor effect when used with inhibitors that overrode the SAC causing slippage (Bennett et al. 2016) .
The level of cyclin-dependent kinase1 (Cdk1) has been postulated to control both cell death and mitotic exit. Studies have shown that phosphorylation of the apoptotic initiator protease caspase-9 at Thr125 by Cdk1/cyclin B1 reduced its activity, thus protecting mitotic cells from apoptosis (Allan & Clarke 2007) . In addition, 24:9 phosphorylation of Mcl-1 at Thr92 by Cdk1/cyclin B1 caused its APC-mediated degradation, thus triggering apoptosis during mitotic arrest (Harley et al. 2010) . Indeed, a mitotic death signature using several cell lines has been identified based on the hypothesis that mitotic cell death occurs as a result of robust Cdk1 signalling where Mcl-1 and Bcl-xL are completely phosphorylated and thereby degraded or inactivated (Sakurikar et al. 2012 (Sakurikar et al. , 2014 . Conversely, mitotic slippage was associated with incomplete phosphorylation of Mcl-1 and Bcl-xL. However, presence of such a signature in tumour cells remains to be validated and warrants further testing in a clinical setting.
For further discussion on the cell death response during mitotic arrest, the reader is referred to the comprehensive review by Shi and Mitchison in this issue.
In the following sections, we will discuss cell response to antimicrotubule drug treatment exclusively after mitotic slippage.
Post-slippage cell death and cytotoxic drug response
Mitotically arrested cells have been shown to adopt different cell fates following mitotic slippage. These include death, G1 cell cycle arrest followed by senescence, or cells can even exist as viable polyploid cells capable of re-entering the cell cycle leading to chromosomal instability (CIN) (Weaver & Cleveland 2005) .
Cell death during interphase is another means by which the cytotoxic goal of antimicrotubule treatment can be achieved. DNA damage and strong p53 induction had been observed following mitotic slippage (Orth et al. 2012) . This was attributed to partial activation of caspase activity during a prolonged mitotic arrest. This rendered DNA fragmentation and a p53-mediated DNA damage response in post-slippage cells (Quignon et al. 2007 , Orth et al. 2012 . Work from the Shi Lab further showed that the DNA damage response pathway was primarily responsible for post-slippage apoptosis in a p53-dependent manner (Zhu et al. 2014) . In support of this, DNA damage inhibition and knockdown of p53 by siRNA transfection both reduced post-slippage cell death following paclitaxel treatment. In addition, post-slippage multinucleation was suggested to contribute to post-slippage cell death since attenuation of the extent of multinucleation dramatically reduced the incidence of DNA damage and apoptosis (Zhu et al. 2014) .
A recent study which utilised chemical inhibitors against centromere-associated protein CENP-E and kinesin-related protein Eg5 to study cell fates following mitotic slippage may have potential implications for antimicrotubule drug treatment (Ohashi et al. 2015) . CENP-E is a kinesin-like motor protein that controls chromosome alignment, whereas Eg5 is a motor protein that regulates centrosome separation and bipolar spindle formation. Under SAC-impaired conditions, inhibition of CENP-E led to aneuploidy through chromosome mis-segregation after mitotic slippage, while that of Eg5 led to polyploidy through cytokinesis failure due to monopolar spindle formation. Importantly, the study revealed that although both conditions allowed escape from cell death during mitotic arrest, aneuploidy, but not polyploidy, led to post-slippage apoptosis (Ohashi et al. 2015) . This post-slippage apoptosis was shown to be p53-mediated and accompanied by aneuploidy-activated DNA damage response and proteotoxic stress. Hence, CENP-E inhibitors could potentially be used in SAC-impaired tumours resistant to current antimicrotubule drugs.
Checkpoints, mitotic slippage and drug resistance
Reports describing molecular mechanisms underlying antimicrotubule drug resistance have mainly focused on the cellular effects of various SAC components. In particular, a nexus between a weakened SAC and antimicrotubule drug resistance in vitro has become apparent (Weaver & Cleveland 2005 , Yamada & Gorbsky 2006 . The first evidence of paclitaxel sensitivity being dependent on a functional SAC demonstrated that downregulation of SAC components Mad2 and BubR1 increased cell survival (Sudo et al. 2004) . Since then, a few studies have demonstrated a correlation between increased incidence of mitotic slippage and drug resistance in vitro. For instance, cells overexpressing p31 comet displayed increased tendencies to enter mitotic slippage and cell survival following antimicrotubule drug treatment in cancer cell lines (Ma et al. 2012 , Habu & Matsumoto 2013 . In addition, paclitaxel-resistant ovarian cancer cell line showed weakened SAC with reduced BubR1 expression (Fu et al. 2007 ). In addition, inhibition of mitotic slippage by cell cycle regulator Cdc6 depletion was proposed to decrease cell survival (He et al. 2016) .
Although a role for mitotic slippage in drug resistance has been proposed in vitro, post-slippage cellular fates and their associated mechanisms contributing to drug response have not been addressed in these studies. In the next few sections, we discuss a few features and outcomes 24:9 associated with mitotic slippage that may account for this potential role in drug resistance.
Effects of cellular senescence and SASP in cancer therapy
Besides post-slippage apoptosis, another cellular fate that has been described is cellular senescence (Rieder & Maiato 2004) . Cellular senescence occurs as a consequence of sustained stress which activates a response governed by the p53 and pRB tumour suppressor proteins (Campisi & d'Adda di Fagagna 2007) . This triggers a signalling pathway that enforces a stable cell cycle arrest.
Cellular senescence has been shown to limit tumourigenesis as well as foster anti-proliferative response to cancer therapy. Sustained expression of oncogenic BRAF V600E mutation in melanocytes was found to rarely progress to malignancy (melanomas). Following increased proliferation and growth, these melanocytes induce senescence, displaying SA-β-gal-positive cells and p16 expression (Michaloglou et al. 2005) . Hence, the senescence phenotype was largely attributed to suppressing malignant transformation in benign melanocytic nevi. Indeed, the senescence phenotype has also been observed in other benign tumour types such as lung adenomas but not in adenocarcinomas, and in benign prostatic hyperplasia (Choi et al. 2000 , Majumder et al. 2008 . Additionally, inactivation of senescence pathways was reported to be necessary for progression to malignancy. For example, the dual inactivation of p16 and p53 led to developmental of pancreatic cystic neoplasm (Bardeesy et al. 2002) . Interestingly, it was shown that although cells carrying defective tumour suppressor PTEN still undergo senescence, the inactivation of p53 was sufficient to drive cells towards tumourigenesis . Conversely, reactivation of functional p53 in mice tumour models led to induction of senescence and tumour regression (Ventura et al. 2007 , Xue et al. 2007 , illustrating that senescence can indeed serve as a natural barrier and limit tumour growth.
Due to the role of senescence as a tumour suppressor, pro-senescence therapies have been proposed as a potential cancer therapy strategy (Nardella et al. 2011 , Acosta & Gil 2012 . For instance, cellular senescence has been observed in cells as well as in lung cancer patients receiving neo-adjuvant chemotherapy (Roberson et al. 2005) . The carboplatin/paclitaxel post-treatment tumour biopsies from patients with non-small cell lung cancer, but not from untreated patients, displayed SA-β-gal staining. Senescence was also correlated with tumour regression. Upregulated Cdc2/Cdk1 was associated with senescence bypass, both in cell-based studies in vitro as well as in patient samples (Roberson et al. 2005) . Inhibitors of Cdk1 was thus proposed to be used as combinatorial treatment with conventional chemotherapy.
Senescent cells are metabolically active and exhibit a complex senescent cell secretome, a feature referred to as the senescence-associated secretory phenotype (SASP) (Kuilman & Peeper 2009 . The SASP consists of a wide range of factors consisting of inflammatory cytokines, chemokines, metalloproteases and extracellular matrices that can alter the tumour microenvironment. In addition to an intrinsic cellautonomous tumour-suppressive mechanism, work from the Gil and Peeper groups showed that SASP components such as IL-6 and IL-8 reinforced senescence in an autocrine manner (Acosta et al. 2008 , Kuilman et al. 2008 . A more recent study from the Gil lab has also shown that SASP components can also induce paracrine pro-senescence signalling (Acosta et al. 2013) . The paracrine transmission of senescence from cells that have undergone oncogeneinduced senescence to primary cells was shown to be mediated by TGF-β and interleukin IL-1. Inflammasomes were shown to mediate SASP signalling, demonstrating a link to innate immunity.
While SASP factors can exert tumour suppression by reinforcing senescence or inducing paracrine senescence (Acosta et al. 2008 (Acosta et al. , 2013 , these factors can also promote tumourigenesis, particularly via its paracrine inflammatory and growth-promoting properties (Coppe et al. 2008) . For example, it has been shown that secreted factors from senescent fibroblasts could promote malignant transformation of premalignant epithelial cells, and stimulate tumour vascularisation (Krtolica et al. 2001 , Bavik et al. 2006 . Hence, the SASP can evoke a pro-tumourigenic microenvironment where SASP factors confer paracrine tumourigenic effects on neighbouring premalignant cells. Studies describing this non-cellautonomous function include epithelial-mesenchymal transition and invasion, tumour vascularisation, immune surveillance and abnormal tissue morphology, mediated by pro-inflammatory cytokines IL-6 and IL-8, metalloprotease MMP3 and VEGF (Parrinello et al. 2005 , Coppe et al. 2006 , Kuilman et al. 2008 , Davalos et al. 2010 .
Thus far, we have discussed a few examples of the biological impact of senescence and SASP in tumourigenesis. In the context of this review, we look at a few studies that have explored links between paclitaxel response and senescence in vitro. Cellular senescence 24:9 induced by Mad2 knockdown has been implicated in paclitaxel resistance (Prencipe et al. 2009) . Here, cells with reduced Mad2 levels were found to undergo mitotic slippage-associated senescence and secreted cytokines IL-6 and IL-8. This senescence phenotype was enhanced by paclitaxel treatment. Cell viability assays of cells with compromised Mad2 treated with paclitaxel showed increased cell survival compared to the control, suggesting that senescent cells could evade paclitaxel-induced cell death (Prencipe et al. 2009 ). Similarly, Mad2 or BubR1-depleted gastric cancer cell lines also displayed enhanced cellular senescence following paclitaxel treatment (Bargiela-Iparraguirre et al. 2014) . Work done in our lab (B Cheng and K Crasta, unpublished observations) focused on mitotic slippage-prone cells that entered senescence following treatment with nocodazole and paclitaxel. This has provided some insights into acquired resistance following mitotic slippage (Fig. 2) . We found that mitotic slippage-induced senescent cells elicited SASP both in vitro and in vivo. Post-slippage SASP factors, particularly the pro-inflammatory cytokines, conferred pro-tumourigenic effects on neighbouring cells, possibly offering an explanation for a mechanism of antimicrotubule drug resistance. Work is currently underway to elucidate underlying associated mechanisms.
Despite the importance of the SASP, little is known about the regulation behind its phenotypic effects. Indeed, insights into cell fate determination between tumour-suppressive vs pro-tumourigenic phenotypes remain scarce. The p38MAPK and the mammalian target of rapamycin (mTOR) pathway have clearly emerged as central players in controlling SASP factor production (Freund et al. 2011 , Herranz et al. 2015 , Laberge et al. 2015 . Here, we focus on regulation by the mTOR pathway as it has been better characterised. mTOR inhibition by rapamycin was shown to suppress the secretion of major SASP factors, including the pro-inflammatory cytokine IL-6 (Laberge et al. 2015) . Interestingly, modulation of these SASP proteins was found to be at the mRNA level and not merely due to a decrease in protein synthesis. The transcription of SASP proteins is largely regulated by positive feedback loops between pro-inflammatory cytokines and the transcription factor NF-κB, locally amplifying the pro-inflammatory cascade. For example, proinflammatory cytokines IL-6 and IL-8 were shown to confer pro-senescence effects in 'senescence-primed' cells via autocrine feedback loops (Acosta et al. 2008 , Kuilman et al. 2008 . Regulation of IL-6 and IL-8 in reinforcing senescence was shown to be controlled by IL-1α signalling (Orjalo et al. 2009 ). In addition, conditioned medium from IL-1α-depleted senescent cells was observed to dramatically reduce the IL-6/IL-8-dependent invasiveness of metastatic cancer cells. This suggests that IL-1α regulates the biological effects of these cytokines. IL-1α has been shown to be an upstream regulator of a pro-inflammatory network within the SASP through the activation of NF-κB (Acosta et al. 2008 , Orjalo et al. 2009 , Freund et al. 2011 . Studies using rapamycin also suggested that mTOR facilitates IL-1α translation, leading to NF-κB activation (Laberge et al. 2015) . This triggered the amplification of the downstream pro-inflammatory cytokine network through positive feedback between NF-κB and cytokines including IL-1α. Another study from the Gil lab also showed mTOR inhibitor rapamycin to be a potent SASP suppressor (Herranz et al. 2015) . Here, mTOR controlled the SASP by differentially regulating the translation of MAPKAPK2 kinase through the eukaryotic translation initiation factor 4EBP1. MAPKAPK2 was found to phosphorylate the RNA-binding protein ZFP36L1, inhibiting its ability Figure 2 Different cell fates following antimicrotubule drug treatment. Cells can undergo mitotic slippage-induced senescence after antimicrotubule drug treatment. These cells are capable of eliciting the senescence-associated secretory phenotype (SASP) that confer paracrine pro-tumourigenic effects such as cell proliferation, migration, invasion and angiogenesis. This can potentially contribute to the emergence of acquired chemoresistance.
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to degrade the transcripts of several SASP components. Notably, mTOR inhibition and constitutive activation of ZFP36L1 impaired the paracrine effects of senescent cells in both tumour-suppressive and tumour-promoting contexts (Herranz et al. 2015) .
The SASP can also promote tumour growth by establishing an immunosuppressive microenvironment (Toso et al. 2014 , Ruhland et al 2016 . It was previously shown that temporary and selective inactivation of tumour suppressor PTEN could induce hyperactivation of a signalling pathway that led to senescence (Alimonti et al. 2010) . As a follow-up to this, work from the Alimonti lab showed that in PTEN-null senescent tumours, the activation of Jak2/Stat3 pathway established an immunosuppressive tumour microenvironment which contributed to tumour growth and chemoresistance (Toso et al. 2014) . Significantly, combinatorial treatment with docetaxel and a JAK2 inhibitor reprogrammed the SASP. This was shown to enhance the drug response of docetaxel-induced senescent cells by creating a strong immunosuppressive condition in PTEN-null tumours (Toso et al. 2014 ). These studies demonstrate the importance of suppressing immune surveillance of senescent tumour cells engendered by drug treatments. On a related note, a recent report (Ruhland et al. 2016) showed that senescent stromal cells were sufficient to create an immunosuppressed environment. Here, stromal-derived SASP factor IL-6 recruited suppressive myeloid cells and inhibited anti-tumour T-cell response. This established a tumour-permissive environment unabated by the immune system. Hence, the inflammatory properties of the SASP pose ramifications for therapy-induced senescence where pro-tumourigenic effects of SASP factors may antagonise desired clinical outcome, possibly driving resistance to drug treatment.
Polyploidy, multinucleation and chemoresistance
We next examine other prominent attributes of postslippage cells. Polyploidy (an increase in the sets of chromosomes) and multinucleation are characteristic features of mitotic slippage. Tetraploidy, or successive polyploidizaton if these cells undergo successive cell cycles, was first described by early studies that sought to correlate polyploidy, micronuclei and cell survival following exposure to nocodazole (Elhajouji et al. 1998 , Decordier et al. 2008 .
In the tumourigenesis context, tetraploids are often found in pre-cancerous lesions and early stages of a variety of cancers (Vitale et al. 2011) . Depending on the p53 status, these cells are capable of undergoing apoptosis spontaneously or reverting to aneuploid cells with tumourigenic potential (Vitale et al. 2011) . Additionally, it was found that p53-null tetraploid mouse mammary epithelial cells MMEC, but not their diploid equivalent, led to increased chromosomal abnormalities and transformation (Fujiwara et al. 2005) . Furthermore, tetraploid fibroblasts were shown to exhibit high frequencies of spontaneous DNA damage and decreased DNA repair, contributing to further genomic instability (Thorpe et al. 2007 ).
Polyploidisation has been described in early reports of paclitaxel-resistant human leukaemia cells in vitro (Roberts et al. 1990 ). Indeed, Docetaxel-induced polyploidisation has been proposed to underlie chemoresistance and disease relapse (Mittal et al. 2017) . Additionally, the Kroemer lab described selective resistance of tetraploid cancer cells against DNA damage-induced apoptosis (Castedo et al. 2006) . As described early in this review, aneuploidy, but not polyploidy, was found to cause post-slippage apoptosis (Ohashi et al. 2015) . This raises the possibility that polyploid cells may possess potential proclivity towards post-slippage senescence rather than post-slippage apoptosis. Notably, polyploidisation has been correlated with cellular senescence (Mosieniak & Sikora 2010) . Polyploid cells have also been described to confer chemoresistance by undergoing senescence and subsequently re-entering the cell cycle (Wang et al. 2013) . Cells that escape senescence have been reported to possess chemoresistant or cancer stem-like properties (Achuthan et al. 2011 .
Multinucleation is one of the overt morphological characteristics of post-slippage cells. Micronuclei formed from nocodazole-induced mis-segregated chromosomes have been shown to develop DNA breaks in the next interphase (Crasta et al. 2012) . Following mitotic slippage, multinucleated cells have also been shown to harbour DNA damage (Zhu et al. 2014 ). Attenuation of the extent of multinucleation dramatically reduced the incidence of DNA damage and apoptosis, suggesting that multinucleation contributes to post-slippage cell death (Zhu et al. 2014) . We propose that it is the degree of DNA damage in multinucleated cells that dictates cell survival or death following mitotic slippage. A lower extent of DNA damage in multinucleated cells may contribute to cellular senescence and drug resistance (B Cheng and K Crasta, unpublished observations). Indeed, multinucleation was observed to be an early step in drug resistance in an early study describing paclitaxel action 24:9 (Panvichian et al. 1998) . Extensive multinucleation has also been shown to correlate with cell survival and chemoresistance (Makarovskiy et al. 2002 , Martin et al. 2016 , Mittal et al. 2017 .
Concluding remarks and future perspectives
The anti-proliferative basis for antimicrotubule cytotoxic killing has long thought to be due to the presence of an activated SAC that culminates in a mitotic cell death (Rieder & Maiato 2004) . However as discussed, depending on the biological context and cell type, cells can 'opt for' mitotic slippage instead of mitotic death.
In this review, we have seen various examples of mitotic slippage being a potential mechanism limiting the effectiveness of antimicrotubule drugs. For instance, MLN4924, which inhibits mitotic slippage in human cells, has recently been proposed as a beneficial combination therapy (Balachandran et al. 2016) . Indeed, the Mitchison lab has shown mitotic exit to be a better cancer therapeutic target than the SAC (Huang et al. 2009 ). This also underscores the need for better understanding of the molecular mechanisms underlying the various cell fates following mitotic slippage. We have also discussed the potential of paclitaxel-induced senescence in conferring cell survival. However, it is important to bear in mind that the in vitro conditions reported may not fully recapitulate aspects of the tumour microenvironment to be translated effectively into improved patient outcomes. Hence, additional studies are needed to confirm these findings using tractable mouse models or clinical patient samples. It will also serve one well to bear in mind that genetic events and tissue contexts are important factors to consider in modulating apoptotic or senescent activities; TP53 is a prime example on how the cell fate decision can be altered in the presence of wildtype vs deficient p53. Additionally, further investigation into delineating how senescent cells affect the immune system and are removed by it during mitotic slippage-induced senescence is required. Another important area of study would be the identification of pathways that influence the development and function of SASP factors. Since the senescence state serves as an anticancer barrier, eliminating or targeting senescent cells may pose a risk instead of alleviating resistance. As such, a state of 'mitotic slippage-induced senescence without SASP' may be ideal. Modulating SASPmediated pathways without interfering with senescence will thus have potential to combat antimicrotubule drug resistance. We propose that combinatorial therapy with inhibitors that bypass or target post-slippage SASP may be beneficial towards improving patient outcomes following antimicrotubule drug treatment.
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